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The composition of the invertebrate fauna living on young Norway spruce 
(Picea abies) branches was studied in northern Finland both in urban and rural 
areas during the summer months of 1988. Attention was given to the total 
nitrogen, sulphur and phenolics concentration of the needles. The material 
consisted of 52627 invertebrates from 300 separate spruce saplings. Mites 
formed the majority of the invertebrates. Most numerous were Ameronothrus 
dubinini, Diapterobates humeralis and Ceratoppia bipilis. Springtails and 
spiders were also numerous. The invertebrate abundances were highest in the 
urban areas of Isko and Linnanmaa, where the sulphur and nitrogen concen- 
tration of the needles was high and the phenolics/nitrogen ratio low. The 
lowest invertebrate abundances were found in Rusko, the most urban area, and 
Taivalkoski, the most rural area. Nitrogen and sulphur concentrations were 
highest at Rusko and lowest at Taivalkoski. Possible reasons for the results are 
discussed. 
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1. Introduction 


The effects of air impurities on conifers have 
been widely studied, and the usually positive 
influence of the impurities upon the invertebrate 
fauna living on the trees is well known (see e.g. 
McNeill & Whittaker 1990). The role of inverte- 
brates may be important in the forest decline 
syndrome (Katayev et al. 1983, Führer 1985, 
Opperman 1985, Hain 1987). Studies have mostly 
been made on aphids, beetles or moths, which 
can be regarded as pests (Flückiger & Oertli 


1978, Villemant 1981, Braun & Flückiger 1984, 
Dohmen et al. 1984, Dohmen 1985, Opperman 
1985, Heliövaara 1986, Heliövaara & Väisänen 
1986, Neuvonen et al. 1987, Holopainen et al. 
1993, Kainulainen et al. 1993). 

In several of the studies it has been found that 
an increase in sulphuric compounds or toxic met- 
als in the air has been followed by an increase in 
pest numbers. One possible explanation is a physi- 
ological change in the host plant, as proposed by 
Alstad et al. (1982), Führer (1985) and Warring- 
ton (1987). Variability in secondary compounds, 





178 Laine & al.: Invertebrates of Norway spruce 





e ENTOMOL. FENNICA Vol. 5 





e Taivalkoski 


OULU 
e Sanginjoki 


o 


RAAHE 


e.g. phenols and tannins, and nutrients, e.g. ni- 
trogen, has been assumed to constitute an impor- 
tant factor in plant-herbivore interactions (Jensen 
1988). This system is, however, a complex one 
with many interacting factors. The relation be- 
tween e.g. the nitrogen concentration of the nee- 
dles and the abundance of certain herbivores is 
thus difficult to establish (Alstad et al. (1982). 
Certain changes in amino acid composition and 
concentrations may, however, benefit herbivo- 
rous insects and so increase their numbers 
(Brodbeck & Strong 1987, Kidd et al. 1990). If 
at the same time parasites suffer from pollution 
as shown by Alstad et al. (1982; see, however, 
Holopainen et al. 1993) the increase will be even 
stronger. Larsson (1989) studied a pattern where 
insects with different feeding habits responded 
differently to stressed trees: the feeding guild 
should be considered. 

In this paper we present results from a study 
on the composition of the invertebrate fauna liv- 
ing on young Norway spruce (Picea abies) 
branches in northern Finland in both urban and 
rural areas, and on the totai nitrogen, sulphur and 
phenolics concentrations of the needles. 


2. Material and methods 


The study sites were situated at different dis- 
tances from the city of Oulu which is close to the 





Fig. 1. The research areas: 
Rusko (Grid 27°E; 721:43), 
Isko (721:42), Linnanmaa 
(721:42), Vittasuo (722:43), 
Sanginjoki (721:44), and 
Taivalkoski (727:56). Major 
pollution sources are repre- 
sented by stars. Prevailing 
winds in the area are W, 
SW, spreading air impurities 
of the industrial cities of Oulu 
(pulp and fertiliser industry) 
and Raahe (iron and steel 
works) mostly eastwards. 


Linnanmaa 
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coast of the Bothnian Bay, in northern Finland 
(Fig. 1), where the prevailing winds are W to SW 
spreading air impurities from the industrial cities 
of Oulu and Raahe inland. Three of the study 
sites (Rusko, Isko, and Linnanmaa) are located 
within the urban area of Oulu, two (Vittasuo and 
Sanginjoki) in the neighbouring countryside and 
one (Taivalkoski) inland. Fully comparable study 
areas were hard to find. None of the areas was a 
pure sapling stand; young trees grew among older 
trees, both conifers (spruce and pine) and de- 
ciduous trees (mostly birch, willows and a mi- 
nority of rowans) were always present. 

The main pollution sources in the Oulu and 
Raahe area are pulp and fertiliser factories, iron 
and steel works, heat power stations and traffic. 
The local sulphur fallout per year is 400 mg S/m? 
in the Oulu area, 100-200 mg S/m? on the rural 
area surrounding it and 50-100 mg S/m* in the 
Taivalkoski area (Anon. 1986, Pietilä et al. 1990). 

The Rusko study area was a dense wood situ- 
ated near the fertiliser factories of Kemira and 
close to a road with heavy traffic. The wood at 
Isko, with numerous young and old spruces and 
only a minority of deciduous trees, was situated 
near a motorway. By its appearance the study 
area of Linnanmaa was quite similar to the area 
of Rusko, with a variety of different tree species. 
It was, however, not as dense and the ground was 
more boggy. Vittasuo and Sanginjoki were quite 
similar to each other, with some young trees in 
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an older mixed forest. Taivalkoski was the purest 
sapling stand with only a few old trees, mostly 
birches. 

At each study area 10 samples were collected 
once a month during May to September in 1988. 
One sample consisted of 3—4 branches of a 2-3 
m high spruce sapling. The branches were cut at 
different heights on the southern side of the tree 
and put in a plastic bag. In the laboratory the 
branches were cut into smaller pieces and the 
macroscopic invertebrates were co!lected. The 
branch material was kept in extracting cylinders 
for 2-3 weeks. After drying the needles and twigs 
were weighed. Inverterbrate abundances were 
calculated (index = number of specimens per 
1000 g dry weight of total branch material). The 
material consisted of 300 separate spruce sap- 
lings, their total dry weight being 28.4 kg. 

Separate needle samples from all the saplings 
studied were collected for nitrogen, sulphur and 
phenolic analyses. The samples were kept in a 
deep-freeze (—20°C) until they were handled. The 
shoots of the previous year (1987) were cut and 
dried in +60°C for 24 hours. Total sulphur and 
nitrogen concentrations of the dried and pow- 
dered needles were determined at the laboratory 
of Kemira in Oulu. The sulphur concentration 
was analysed using Leco, and nitrogen using 
Kjelldah! analysers. The total phenolic concen- 
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tration was measured using the Folin-Dennis 
method (Swain & Hilles 1956, Burns 1963) modi- 
fied for spruce needles. 


3. Results 
3.1. The branch material 


Although the height of the trees did not differ 
between areas, with the exception of Sanginjoki 
(Table 1, Duncan’s test), the branches of Taival- 
koski spruces were significantly larger than the 
branches of the urban area (1—3) spruces. 

The mean values of total nitrogen and sul- 
phur were highest in the urban areas, decreasing 
towards the rural areas (Table 1). The phenolics/ 
nitrogen ratio was decreasing towards the urban 
areas with a significant difference between urban 
and other areas. The sulphur and nitrogen con- 
centrations of the needles were lowest in June, 
and increased towards September in each of the 
study areas (Fig. 2). The phenolics concentration 
reached its maximum in July. The phenolics/ 
nitrogen ratio was at its highest in June-July. In 
the early summer there were only small differ- 
ences between the areas, but in the late summer 
the ratio was significantly higher in the rural 
areas (4-6) than in the urban areas (1-3, Fig. 2). 


Table 1. The spruce branch material of the study areas (Rusko, Isko, Linnanmaa, Vittasuo, Sanginjoki, 
Taivalkoski, see Fig. 1). Dry weight and concentrations of total sulphur, nitrogen and phenolics are indicated by 
the mean of each study area. Invertebrate abundance refers to the number of invertebrates per 1000 g of dry 
branch material. Results of Anova are given. Duncan’s multiple range test shows the areas which significantly ( P 
< 0.001) deviate from each other (initial letters separated by a diagonal mark) with respect to the variable in 
question. The farther the symbol the greater the difference. When testing invertebrate numbers total numbers 
were concerned with the dry weight of the branch serving as covariate. 


Urban areas 


Rusko Isko Linnansuo 
Number of samples 50 50 50 
Sapling height, m 2.35 2.40 2.30 
Branch dry weight, g 86 84 86 
Total sulphur, mg/g 0.880 0.877 0.863 
Total nitrogen, mg/g 12.173 11.967 10.800 
Total phenols, mg/g 59.494 55.176 47.360 
Phenolics/nitrogen 4.89 4.54 4.22 
Sum of invertebrates 5743 12184 12162 
Invertebrate abundance 1441 3110 3081 


Rural areas 

Vittasuo Sanginjoki Taivalkoski Fs 270 Duncan's 

50 50 50 
2.45 2.75 2.35 4.82  S/VITRL 
102 97 113 8.11 T/IRL 
0.737 0.717 0.623 16.87 LIR/VS/T 
10,337 9.663 9.064 21.50 RI/LV/ST 
60.080 54.886 60.090 16.66 TVR/IS/L 
5.87 5.81 6.41 12.15  TVS/RIL 
8286 8720 5532 19.01 IL/SV/RT 

1778 1997 834 
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Fig. 2. Monthly concentration of total sulphur, nitrogen and phenolics and phenolics/nitrogen ratio in the needles 


of the study areas (see Fig. 1). 


3.2. Invertebrates 


Altogether 52627 invertebrates were caught dur- 
ing this study (average of 175 individuals per 
sample, and 1429 individuals per 1 kg dry weight 
of branch material). According to Duncan’s mul- 
tiple range test Isko, which had the highest ani- 
mal numbers, and Linnanmaa deviated signifi- 
cantly from Sanginjoki and Vittasuo, and espe- 
cially from Rusko and Taivalkoski where the 
animal numbers were lowest (Table 1). The ani- 
mal abundances were highest in August (Fig. 3). 

Mites formed the majority of the herbivorous 
group (Table 2). Most numerous were Amero- 
nothrus dubinini, Diapterobates humeralis and 
Ceratoppia bipilis. A. dubinini and C. bipilis were 
most frequent in urban areas. The between area 
differences were statistically significant in the 
herbivore group and also in carnivores and para- 
sites. There were no between area differences in 
the total number of omnivores and decomposers. 
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Fig. 3. The mean abundances (ind./1000 g branch 
material) of the monthly invertebrate numbers at the 
study areas (see Fig. 1). 


Accidentals, which consisted mostly of nemato- 
cerans, were most numerous at Rusko (Table 2). 

The herbivore abundance seemed to increase, 
although not significantly, with increasing sul- 
phur and nitrogen concentration in the needles 
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Fig. 4. Mean summertime herbivore abundances plotted against total nitrogen, sulphur and phenolics concentra- 
tions (mg/g) and the phenolics/nitrogen ratio in the needles of the study areas (see Fig. 1). 


(Fig. 4). Rusko, however, deviated from the gen- 
eral trend. The herbivore abundance was highest 
in the urban areas of Isko and Linnanmaa where 
the phenolics/nitrogen ratio of the needles was 
the lowest. 


4. Discussion 


In northern Finland long range emissions are still 
at a rather low level (Tuovinen 1989). The yearly 
sulphur fallout of foreign origin varies from 300 
to 500 mg S/m? per year in a north-south direc- 
tion (Anon. 1986). 

The invertebrate numbers found in this study 
were generally highest in the most urban areas, 
which were characterized by elevated nitrogen 
and sulphur levels in the spruce needles. The 
same trend was also seen in old spruce branches 
in the same area (Laine et al. 1990). The between 
area differences were significant in spite of the 


fact that the needles of coniferous trees do not 
show rising concentrations of e.g. sulphur as 
clearly as for example moss or lichens (Lamppu 
1989). The increase in total animal numbers was 
mostly caused by a huge increase in the numbers 
of certain mite species, e.g. Diapterobates hume- 
ralis and Ceratoppia bipilis. In the most rural 
area, Taivalkoski, the invertebrate numbers were 
smallest, and both the sulphur and nitrogen con- 
centrations of the needles were lowest. Geographi- 
cal factors may, however, be involved as this 
area lies inland. Rusko formed an exception: to- 
tal nitrogen and sulphur concentrations reached 
their maximum, and the number of herbivores in 
particular was very low. It may represent the 
phase where the increase in various substances 
has turned toxic (cf. Heliövaara & Väisänen 1990 
and Mattson & Witter 1990). The response of 
different, closely related species of aphids to pol- 
lution seems to be variable, according to Holo- 
painen et al. (1993). 
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When the sulphuric acid concentration grows 
too high its effects become toxic (Warrington 
1987). The long term effects of sulphur often 
result in a lowered level of organic material and 
in a weakened general tolerance in coniferous 
trees (Knabe 1976). As air impurities cause ei- 
ther structural damage or a change in vital activi- 
ties (Kramer & Kozlowski 1979) the damaged 
trees are not as capable of transporting assimila- 
tion products for growth as healthy trees are. In 
our material the percentage of needle dry weight 
diminished towards the urban areas, being high- 
est in Taivalkoski and lowest in Rusko. A similar 
trend has been observed in the needles of Scots 
pine (Pinus sylvestris, Heliövaara & Väisänen 
1990). On the other hand the invertebrate num- 
bers in practically all of the nutritional groups 
were lowest in the most rural area. 

The numbers of herbivores were extremely 
high in most urban areas. As air pollutants can 
change the biochemistry and physiology of the 
host plant, they may increase its palatability to 
herbivores (Warrington 1987, Kainulainen et al. 
1993) or weaken its resistance against them 
(Katayev et al. 1983, Braun & Fliickiger 1984, 
Führer 1985). This mode of action is still, how- 
ever, poorly known (Hain 1987). The feeding 
guild of insect species has an important effect 
upon the occurrence of the species on trees under 
stress (Larsson 1989), Pietilä et al. (1990) found 
the level of total proteins in bilberry (Vaccinium 
myrtillus) higher in a nitrogen polluted industrial 
area than in unpolluted urban forests, which may 
be beneficial for herbivores exploiting these 
plants. Kainulainen et al. (1993) showed that the 
amino acids glycine, ornithine, lysine and 
histidine in spruce seedlings had a significant 
negative correlation with distance from a pollu- 
tion centre. Löyttyniemi & Tulisalo (1972) have 
shown the importance of the amino acid content 
of the spruce needles for the fecundity of the 
two-spotted spider mite (Oligonychus ununguis). 
Brodbeck & Strong (1987) also pay attention to 
the importance of amino acids, pointing out how 
stress changes the composition of these essential 
compounds. 

High total nitrogen values may indicate a 
better nutritional value. What is then the purpose 
of phenolics in needles? There seems to be inver- 
tebrate species benefitting and others suffering 


from secondary compounds like phenols and al- 
kaloids, which are considered to act as plant 
defence mechanisms against pathogens and her- 
bivores (Levin 1976). There are several phenolic 
compounds which probably have their own spe- 
cific effects. Tannins and other phenols have 
been found to inhibit proteases and other diges- 
tive enzymes in the insect gut (Swain 1977), It 
has also been shown that their concentrations 
tend to increase in plant cells after damage caused 
by insects (Ryan & Geen 1974). The secondary 
compounds are often effective even in small con- 
centrations and thus only a minor increase may 
affect herbivores (Swain 1977). Kidd et al. (1990) 
observed the same seasonal variation in phenolic 
concentrations as in the present study, and they 
stated that any advantage caused by a higher 
amino acid concentration is outweighed by unfa- 
vourable phenolic and terpene compositions. 

In our study there were no apparent between 
area differences in the total phenolics value. When 
the mean herbivore abundances and the concen- 
tration of total phenols were plotted against each 
other no significant correlations appeared al- 
though the trend was clear: when phenolic con- 
centration increased the number of herbivores 
decreased. This trend became even more distinct 
when herbivore abundances were plotted against 
the phenolics/nitrogen ratio, which ratio was sig- 
nificantly smaller in the urban areas, indicating 
an elevated nitrogen and at the same time a low 
phenolics concentration. These results could mean 
that in areas where nitrogen concentration in the 
needles is high, indicating e.g. an elevated level 
of amino acids which could be used for feeding, 
and the phenolic concentration simultaneously is 
low, indicating a lack of compounds used for 
defense, favourable living conditions are avail- 
able for certain herbivores. What causes these 
biochemical changes remains to be studied. 
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of air impurities and their impact upon mileau] Lenin- 
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Table 2. The mean abundances of invertebrates (exx./| 000 g branch material) during the whole study period on 
urban (1-3) and rural (4-6) areas and the results of two-way ANOVA (NS=not significant, *=p<0.05, **=p<O. 01, 


***<O, 001). 


HERBIVORES 

Acarina: 
Tetranychidae 
Ameronothrus dubinini Sitnikova 
Diabterobates humeralis (Hermann) 
Ceratoppia bipilis (Hermann) 
Camisia horrida (Hermann) 
Oribatella calcarata Koch 
Trypochthonius sp. 
Unident. nymphal stage 
Others 

Psocoptera: 

Caecilius despaxi Badonnel 
C. burmeisteri Brauer 
Stenopsocus lachlani Kolbe 
Other adults 

Juveniles 

Heteroptera: 

Lygus rugulipennis Poppius 
Orthops rubricatus (Fallén) 
Atractotomus magnicornis (Fallén) 
Others, juveniles 

Homoptera: 

Phenacoccus piceae (Löw) 
Elatobium abietinum (Walker) 
Cinara sp. 

Adelges sp. 

Thysanoptera: 
Aeolothripidae 
Phlaeothripidae 
Lepidoptera larvae: 

Diptera: 

Cecidomyidae 
larvae 

Hymenoptera: 
Pamphiliidae larva 
Total: 


Rusko 


Urban areas 
Isko Linnanmaa 


0.2 L5 
377.0 169.7 
380.3 496.6 
781.8 327.7 

51.9 43.0 
84.0 21.5 
330.9 571.8 
247.2 85.8 
12.1 14.4 

0.4 1.6 

1.5 11 

0.4 1.0 

0.5 1.0 

12.9 6.4 

1.4 0.2 

0.6 0.4 

0.6 0.0 

0.6 4.6 

10.2 31.3 

4.4 11.1 

3.0 3.7 

5.8 6.8 

10.4 12.6 
14.3 19.1 
27.2 11.9 
2.9 1.8 
19.8 44.5 
0.0 0.2 
2328 1891 


Rural areas 


Vittasuo Sanginjoki Taivalkoski 


0.0 0.3 0.0 
0.2 0.0 0.5 
0.0 0.0 0.0 
2.2 2.5 oT 
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Urban areas Rural areas 
Rusko Isko Linnanmaa Vittasuo Sanginjoki Taivalkoski F P 
CARNIVORES AND PARASITES 
Phalangida: 
Mitopus morio (Fabricius) 0.9 0.4 0.7 0.0 0.0 0.2 1.36 ns 
Acarina: 
Parasitidae sp. 92.6 46.0 68.9 68.8 28.4 12.9 925 "= 
Cunaxidae sp. 51 18.5 6.2 7.0 15.6 10.9 462 ** 
Erythraeidae sp. 0.0 0.0 0.0 0.0 45 0.0 1.29 ns 
Araneae: 
Theridiidae sp. 26.7 5.1 6.6 10.6 10.6 0.4 13.05. *** 
Linyphiidae sp. 51.9 81.5 96.3 53.4 31.2 21.1 24.55 *** 
Others 7.2 3.3 3.8 7.8 3.8 6.4 2.01 ns 
Neuroptera: 
Hemerobiidae larva 1.1 0.4 0.6 0.2 0.7 1.9 1.58 ns 
Hymenoptera: 
Formicoidea 0.0 2.2 1.0 0.7 0.2 5.3 3.27 ** 
Others 6.3 6.8 7.3 5:7 4.3 4.3 0.84 ns 
Coleoptera: 
Coccinellidae 0.2 0.0 0.3 0.0 0.0 0.0 0.85 ns 
Staphylinidae 0.7 0.2 0.7 1.3 0.2 0.2 241 * 
larvae 0.0 1.6 0.4 0.5 0.2 0.2 24, ~” 
Total: 193 165 193 156 100 65 24.27 *** 
OMNIVORES AND DECOMPOSERS 
Collembola: 
Entomobrya nivalis (Linnaeus) 568.3 524.3 325.6 517.8 482.2 271.1 5.04 *** 
Anurophorus septentrionalis Larissa 104.0 3.1 649.0 168.9 393.9 245.8 2.66 * 
Others 4.5 8.3 0.9 2.3 0.2 1.6 278 * 
Coleoptera: 0.0 1.6 0.4 0.5 0.2 0.2 1.02 ns 
Total: 677 537 976 690 876 519 1.75 ns 
ACCIDENTALS 
Heteroptera: 2.5 1.5 5.7 3.4 0.0 0.3 2.28 * 
Homoptera: 
Psylloidea 1.3 6.5 5.6 0.9 13.1 0.6 3.39 * 
Diptera: 
Chironomidae 41.5 7.9 6.8 8.3 4.5 9.0 Bais) 
Sciaridae 7.3 3.0 0.5 2.2 0.4 1.2 467 *** 
Others 46 4.6 1.8 1.3 1.3 2.3 2.05 ns 
Hymenoptera: 0.2 0.9 0.6 0.2 2.8 1.6 229 = 
Total: 57 25 21 16 22 15 8.34 ** 


ALL GROUPS 1442 3110 3081 1778 1997 834 19.01 *** 





